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Integrating Grey and Green Infrastructure to Improve the Health and
Well-being of Urban Populations
One of the enduring lessons of cities is the essential relationship between grey infrastructure (e.g., streets and
buildings) and green infrastructure (e.g., parks and open spaces). The design and management of natural
resources to enhance human health and well-being may be traced back thousands of years to the earliest urban
civilizations. From the irrigation projects of the Indus Valley and the aqueducts of the Roman Empire to
integrated systems of landscaped urban parks and street trees in contemporary times, humans have sought to
harness the capacity of nature to advance city life. This article presents a systems science framework that
delineates critical relationships between grey and green elements of cities and human health and well-being by
modeling the complex, dynamic problem of asthma in socioeconomically disadvantaged city neighborhoods.
By understanding the underlying structure of urban spaces and the importance of social interactions, urban
planners, public health officials, and community members may capitalize on opportunities to leverage
resources to improve the health and well-being of urban populations and promote social justice and health
equity.
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Note: This paper was initially presented in August 2011 as the keynote address at the American 
Community Garden Association National Conference in New York, NY. It maps a conversation 
among the authors that is intended to introduce core system dynamics concepts. The causal map 
is presented for illustrative purposes only. It will be refined over the course of the next several 
years through a project recently funded by the USDA Forest Service titled, “Integrating the Grey 
and the Green to Improve Health and Well-Being for Urban Populations” (Research Joint 
Venture Agreement, #12-JV-11242309-095). 
 
 
Throughout the history of cities, a wide range of social actors has competed over urban land as a 
scarce resource (Svendsen 2009). Regrettably, grey infrastructure (e.g., streets and sewers) has 
too often been positioned as being at odds with green infrastructure (e.g., parks and open spaces), 
instead of the two being conceived of as mutually beneficial (Svendsen 2011). While there is 
increasing recognition that cities are ecosystems with interacting human, structural, and 
ecological components (McDonnell and Pickett 1993; Machlis et al. 1997; Vibrant Cities & 
Urban Forests Task Force 2011), to date it has been difficult to communicate regarding how the 
involved elements relate to one another, much less decide how best to intervene to obtain desired 
outcomes. The purpose of this paper is to use system dynamics to visualize and explore the 
complex and dynamic relationships between grey and green infrastructure, and the benefits of 
their integration on the health and well-being of urban populations. 
 
As a vital component of green infrastructure in cities, community gardens are exceptional 
in their ability to address an array of public health and livability issues across the lifespan (Twiss 
et al. 2003). While they began more than a hundred years ago at the turn of the twentieth century 
(Lawson 2005), they are especially important during times of war, economic crisis, and food 
shortages (Helphand 2006). For example, during the Great Depression, city lands were made 
available to the unemployed and impoverished by the Work Projects Administration (WPA), 
with nearly 5000 gardens on 700 acres cultivated in New York City alone (Hynes 1996 as cited 
in Armstrong 2000). Today, community gardens are viewed as beneficial to participants by 
providing them with opportunities to be actively involved in decision-making about the 
development and use of urban space (Stone 2009). 
 
SYSTEMS SCIENCE 
 
A systems science approach may inform healthy cities and sustainable urban agriculture 
initiatives by providing mechanisms for modeling complex, dynamic problems (Northridge and 
Freeman 2011; Metcalf and Widener 2011). In particular, system dynamics is concerned with the 
identification and modeling of feedback relationships that characterize a particular problem, 
including inherent delays (Forrester 1961; Sterman 2000). By linking the structure of complex 
systems to their behavior over time, system dynamics modeling helps interested parties and 
decision makers assess the impact of different interventions in both the short-term and the long-
term (Metcalf et al. 2011). 
 
Moreover, because it is a methodology that is conducive to interdisciplinary work and an 
inherently iterative process, the construction of a system dynamics model provides an 
opportunity for input from a variety of stakeholders, which may be especially important in 
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understanding the relationships between community gardens and human health and well-being. 
After jointly articulating the problem, a causal map is drawn to visualize feedback relationships 
among the relevant factors that shape system behavior over time (Metcalf et al. 2011). Such a 
representation constitutes a dynamic hypothesis of plausible relationships that may be tested with 
a formal computer model, often after undergoing significant revision through either a 
participatory or group modeling process (Metcalf et al. 2010; van den Belt, 2004). For 
community groups and practitioners who lack the resources needed to quantify and calibrate a 
simulation model, or who aim primarily to reflect group knowledge using visual iconography, 
the construction of a causal map may be a worthwhile goal in and of itself (Ford 2009). The 
derived causal map then becomes a boundary object that facilitates team communication about 
project scope and underlying assumptions (Star and Griesemer 1989), and may be utilized in 
community visioning and strategic planning processes (Twiss et al. 2003).  
 
An orientation to the causal mapping process is called systems thinking (Senge 1990; 
Meadows 2008) or feedback thought (Richardson 1991), a necessary skill in system dynamics 
modeling. In order to introduce key concepts, a systems perspective is employed in this article to 
frame the problem of community concern around the high prevalence of asthma symptoms in 
underserved urban neighborhoods. 
 
CAUSAL DYNAMICS 
 
The etiology of asthma is complex and multi-factorial, including both genetic and environmental 
influences (Brisbon et al. 2005). It is currently the most common chronic disease of childhood in 
the United States and the primary reason for school absenteeism, and disproportionately burdens 
many socioeconomically disadvantaged urban communities (Gold and Wright 2005). 
Explanations for this health inequity include poverty, variations in environmental exposures, and 
differential access to medical care; reducing the burden of asthma requires efforts to address the 
underlying social justice conditions that produce this health inequity (Greenwood et al. 2011). 
 
 The hypothesized causal dynamics involved in the prevalence of asthma symptoms in 
socioeconomically disadvantaged urban neighborhoods are mapped in Figure 1, with a focus on 
community concern for asthma as a motivating factor for both grey and green infrastructure 
interventions. 
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Figure 1. Causal dynamics of asthma 
arrows indicate positive polarity. Dotted arrows indicate negative polarity, or inverse relationships. 
Hatched arrows indicate a delay, or time lag, to allow for resulting shifts in behavior and activity.
 
The causal map in Figure 1 makes explicit features of conversations among the authors 
regarding the complex and dynamic relationships involved in the case of asthma. This causal 
map was constructed by co-author Sara S. Metcalf and revised with feedback from the other 
authors. Note that the causal map uses solid arrows to indicate positive polarity, and dotted 
arrows to indicate negative polarity, or inverse relationships. Positive
increase in the cause results in an increase in the effect, whereas negative polarity indicates that 
an increase in the cause results in a decrease in the effect. These links combine to create a set of 
reinforcing and counteracting feedback loops, as discussed in the sections that follow. While 
many of the transitions outlined in Figure 1 involve implicit delays, the hatched arrows from 
“community concern for asthma” to “mass transit improvement” and “local asthma clinics” 
signify delays that are substantially longer than other delays in the system. Explicit recognition 
of these time lags is necessary to allow for resulting shifts in behaviors and activities. This causal 
map is a representation of the authors' shared understanding
green infrastructure on urban health issues such as asthma. As this modeling effort continues, 
certain unintended consequences of proposed interventions may challenge these initial 
hypotheses and thus require further analys
 
GREY INFRASTRUCTURE DYNAMICS
 
Grey infrastructure has been defined as conventional storage structures (reservoirs, detention 
ponds) and conveyances (pipes, canals) used to manage drinking, sewer, or storm water, usually 
in socioeconomically disadvantaged urban neighborhoods
 polarity signifies that an 
 about the influence of grey and 
is. 
 
 
. Solid 
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constructed of concrete or metal (Foster et al. 2011). It also includes streets, roads, bridges, and 
buildings that do not incorporate technologies intended to achieve environmental goals (Foster et 
al. 2011). At the bottom of Figure 1 are two balancing or counteracting loops. For the sake of 
illustration, assume that mass transit improvements and local asthma clinics are part of the grey 
infrastructure of a community, even as it may be possible to incorporate natural vegetation and 
innovative grey materials such as permeable pavements and white roofs into these interventions 
(Foster et al. 2011). 
 
In the outermost counteracting loop at the bottom right of the causal map, community 
concern for asthma leads to the construction of local asthma clinics, but this takes time, as 
indicated by the hatched arrow. Once the local asthma clinics are operating, however, the 
prevalence of asthma symptoms is decreased, as depicted by the dotted arrow. In the absence of 
education and outreach on the importance of its mitigation, a lower prevalence of asthma 
symptoms could lead to less community concern for asthma, as depicted in the causal map. In 
other words, prevalence increases concern, and lower prevalence ultimately lowers concern. This 
would tend toward cycles of increasing prevalence and concern, followed by mitigated 
prevalence, diminished concern, disinvestment, and a potential resurgence of asthma prevalence. 
A useful comparison would be a campaign against secondhand smoke, a trigger for asthma 
symptoms: although the prevalence of smoking has declined, the campaign against secondhand 
smoke remains quite strong. Without a secondhand smoke campaign, concern about smoking 
might diminish, and smoking prevalence may again increase.  
 
A second counteracting loop is triggered by community concern for asthma leading to 
mass transit improvement, although again it may take time for funds to be allocated and 
construction to be completed, as per the hatched arrow designation. To the extent that mass 
transit is then more efficient to use than automobiles, traffic volume will decrease, as indicated 
by the dotted arrow. Lower traffic volume means improved air quality due to lower levels of 
respiratory irritant pollutants such as ground level ozone and respirable particulate matter 
(Brisbon et al. 2005), as signified by a dotted (inverse) arrow in the causal map. In turn, 
improved air quality leads to a lower prevalence of asthma symptoms, once again denoted by a 
dotted arrow. Over time, the counteracting loop is completed when a lower prevalence of asthma 
symptoms eventually leads to less community concern for asthma, as before. In recognition of 
this potential feedback mechanism, alternative interventions may be represented that would 
mitigate the diminishing of community concern for asthma as its prevalence declines. By 
diagramming the underlying structure of these relationships, consequent behaviors and activities 
flowing from grey infrastructure investments may be explicitly articulated and constructively 
debated. 
 
GREEN INFRASTRUCTURE DYNAMICS 
 
Green infrastructure encompasses the naturally occurring and human-built features that manage 
storm water, remove pollutants, conserve energy, reduce erosion, and provide other ecological, 
cost-effective, and environmentally sustainable services (Vibrant Cities & Urban Forests Task 
Force 2011). Community concern for asthma may motivate individual volunteers, civic groups, 
and philanthropic donors to create green spaces centered on plants and waterways, leading to the 
cultivation of community gardens (Svendsen 2011). The bottom left of Figure 1 depicts a 
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reinforcing feedback loop whereby community concern for asthma leads to the creation of green 
spaces, which in turn leads to the cultivation of community gardens, resulting in a stronger sense 
of community, which leads to renewed community concern for asthma. Note that green 
infrastructure interventions may be deployed more rapidly than mass transit improvements or the 
construction of asthma clinics (i.e., there are no hatched arrows leading into or out of the 
community gardens element in the causal map). 
 
 In addition, the cultivation of community gardens leads to more opportunities for 
gardening, and eventually to more members of the community being involved in gardening 
(Figure 1). On the right-hand side of the causal map, there are two additional reinforcing 
feedback loops. In the outermost loop, gardening leads to shared experience among community 
members and a stronger sense of community, which again results in renewed community concern 
for asthma. In the adjacent interior loop, gardening leads to enhanced gardening skills, then in 
turn to more opportunities for gardening. According to Twiss et al. (2003), gardening workshops 
provide opportunities for community members of all ages to develop skills in leadership, 
community organizing, cultural competency, and program planning, implementation, and 
evaluation; gardening skills are enhanced through experiential learning, which includes 
intergenerational and peer-to-peer mentoring and train-the-trainer models. Ongoing, interactive 
learning opportunities help to sustain momentum for gardening, which is effectively 
communicated via the reinforcing feedback loop in the causal map. 
 
HEALTH AND WELL-BEING DYNAMICS 
 
According to the World Health Organization (WHO), “Health is a state of complete physical, 
mental, and social well-being and not merely the absence of disease or infirmity.” (see 
https://apps.who.int/aboutwho/en/definition.html) While social well-being is included in the 
WHO definition of health, well-being includes multiple dimensions and is measured in a variety 
of ways in the scientific literature. For individuals, well-being may be understood as positive 
affect, life satisfaction, or simply happiness. For communities, well-being may be thought of as 
livability, or shared experiences. 
 
 A central reinforcing loop in Figure 1 is formed by the positive and reflexive relationship 
between health and well-being. For instance, enhanced well-being may lead to lower blood 
pressure and less hypertension, resulting in fewer cardiovascular events (Shirai et al. 2009). On 
the other hand, good health may foster engagement in social activities, including community 
gardening, thereby improving individual and community well-being (Armstrong 2000). For 
illustrative purposes, two pathways leading from community gardens are depicted in the causal 
map, which are consonant with the research interests of the involved authors. The first pathway 
leads to well-being through sacredness, an interpretive act of ‘setting aside’ space for community 
or personal use that intertwines the sacred and the profane, and may include rituals, ceremony, 
and pilgrimage (Svendsen and Campbell 2010). The second pathway leads to improved nutrition 
and better health through the availability of fresh local produce (Metcalf and Widener 2011). 
Note also at the top of the causal map that gardening leads to increased physical activity, which 
in turn leads to better health, in concert with both the existing literature and the lived experiences 
of gardeners (Armstrong 2000; Wakefield et al. 2007).  
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 Systems dynamics modeling is also useful for understanding unanticipated effects. For 
instance, while physical activity leads to enhanced health, it may also induce asthma symptoms 
(Parsons et al. 2011), as depicted in Figure 1. In general, though, better health leads to a lower 
prevalence of asthma symptoms, as denoted by the dotted arrow in the causal map. 
 
Teig et al. (2009) reported that the social organizational underpinnings of gardens give 
rise to a range of social processes, including social connectedness, reciprocity, mutual trust, 
collective decision-making, civic engagement, and community building—all of which are part of 
pathways leading to improved human health and well-being. Systems science modeling may be 
used to simulate social networks as well (Valente 2010), even as it will not be dealt with at 
length in this article. 
 
WHOLE SYSTEMS 
 
As exemplified by Figure 1, ongoing efforts to improve asthma in disadvantaged city 
neighborhoods may be meaningfully abetted by modeling that explicitly links grey and green 
infrastructure. An integrative, complex systems perspective helps to identify interventions as 
leverage points that impact interconnected components and domains. Through the process of 
articulating causal relationships between elements, community members and social scientists 
engage in a participatory process of knowledge sharing to develop a joint sense of how resources 
ought to be allocated to improve the health and well-being of urban populations and promote 
social justice and health equity. As illustrated in the causal map, two counteracting loops are 
induced with grey infrastructure interventions (mass transit improvements and establishment of 
local asthma clinics), which also incur meaningful investment and inherent delays.  
 
On the other hand, the causal map is valuable in identifying a series of reinforcing loops 
that is induced with green infrastructure interventions. In other words, planting a community 
garden may not be the most direct response to addressing the prevalence of asthma symptoms in 
disadvantaged neighborhoods, even as it leads to the availability of fresh produce and improved 
nutrition and engenders a sense of community and sacredness, which are linked in turn to health 
and well-being. 
 
While virtuous cycles were emphasized earlier in this article related to the preservation of 
green spaces and the creation of community gardens, they might become vicious cycles if 
environmentally sustainable city planning is not enforced, economic policies fail to consider the 
short-term and long-term benefits of urban forests, and incentives that curtailBris sprawl and 
encourage biodiversity are not enacted (Brown and Jameton 2000). The reinforcing nature of the 
feedback loops indicates their capacity to destabilize the ecosystem. To counter this tendency, a 
systems perspective underscores the value of coordinated interventions that integrate grey and 
green infrastructure, to guide decisions that provide urban populations with environmental, 
economic, social, and health benefits, and build resilience in social-ecological systems (Olsson et 
al. 2004). 
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